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Al q 3 : T;i/5 — ^7 U 7 — )V^W- (tris (8-quinol inolato) aluminum) 
15 a — N P D : N, N ' -Di-naphthalen-l-yl-N, N ' -diphenyl-bi phenyl -4, 4 * -di 
amine 

C B P : 4, 4 ' -N, N ' -dicarbazole-biphenyl 
BCP : 2, 9-dimethyl-4, 7-diphenyl-l, 10-phenanthrol ine 
Ir (ppy) 3 : U 5^A-!7x~;i/tf U (tr is (2-phenylpyrid 

20 ine) iridium) 
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^^xSR^n^enm^z-RK -or\ ~sr\ -ocor 4 , -co 

OR 5 > — S i R 6 R 7 R 8 > 43d:UC-NR 9 R 10 (&j£U R 1 <- R 1 0 teaK^M 

oT^Tfe<k<> ^A^Xi-x^^^n^sti^acoem^^^rbT^ 
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^^xT Xtt N Va Va' (13-1) 

(ss^ m.wmv>v\iL, ^n^nnAHz-R 1 , -or\ -sr 3 , -oco 
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— ( G ) b — (14) 

(^■K GU-O-, -R-O-R-, -S-, -NR-, -CR 2 -, - S 
i R 2 -> -S iR 2 -0-S iR 2 -> &£.Z$- S iR 2 -0-S i R 2 -0- 
SiR 2 - (JlJl-e, Rtt> R*ftl-2 2flCDia«, ^t>t-<^iKT;u 
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a' -O-R a ' -Ra' -C (O) O-Ra' -Ra' -NHCO 
-Ra' -Ra-C (O) -Ra-, -A r ' -C (O) -A r ' - 
Het' - -Ar' -S-Ar' - -Ar' -S (O) -Ar' - -A 
r ' -S (0 2 ) -Ar' TkZS— A r ' -Q-Ar' -frE>&:£3¥5&>kg 
5 «n5 2«0ST^D, Ratt7Ml/>T^l9, Ar' li7'J-l/>^D 
> Ra' \$&zm.±L\ZT)\,*V>, TV-V>m$T)V*V>/TV-V>M 
&mfrt>t£2>mfriE>M&tl%>m^&V, He t' ^f0 7'J-W>^t), 

£ , mm^tc r±#wrrra o t *> «fc v^^niit y t £^ 

10 HtflB^yv-m^^^^a^ 5£ (1 4) : 

- (G) b - (14) 

(^4«> Gfct-O-, -R-O-R-, -S-, -NR- -CR 2 -, -S 
iR 2 -> -S i R 2 -0-S i R 2 -, &&Z$- S i R 2 -0- S i R 2 -0- 

siR 2 - r«, mm$ki~2 2B(Dmm. mwthv<\zfrmT)v 

&tc. #?£b<«, Miast ( i ) ~ (12) TS^n^v^m^o^MMB^ 

Ibmy^-^t, HXH#ilT^oTfeJ;V^ (13-2) : 
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R 5 &£tf-S i R 6 R 7 R 8 R X ~R 8 «, 1 - 2 2®OiSj9 
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7 9 9^, 2 0 0 3- 1 7 3 8 7 4^ 2 0 0 3-1 7 3 9 3 3fM2 0 0 
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Bf»©Aay>*^ ~>t/s, r-hns, ^^;vs> x^;vs, 

^V^Dtf;V*, */>7u7u\>M&. 7?)V&* tVWMt* text 
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^)vm, -tz^jim. ^^uas, yx.-jvm, hvjvm. 

)m, ^->^;i/S> z*-)vm, i>z?)v& 7x^^1/1, ^)v^>z?)\s 

x^u;ns6," t7xzjpas, 
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t*->S, 7x/4yl, 4-tert-7*^7i/+yS> 1 -^7^ 
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rt-7*fms, ^>-;^^> 7i-;WS, 2 

-^^71-;^!, 4-ter t -7*f^7z- £ C h 
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&JBE&4T^*&&^tfffi^:fcS^#fcJ:, Hu*!25S; (1) ~ (12) T 

20 (Dmmmtvxmvx^^o 

mttt (i) - (12) T-^2nz&mmmk&w : E;°?~wmz&\,*T, 
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6 |i©Stfc^ 0*U<tt2«Xtt3*t?*>a. Wi:Um «*.*^ TIB 
©XrX.iWtotlWI^* 0 ^ * (14) 

X.-Xsft-R 1 . -OR 2 , -SR\ -OCOR\ -COOR 5 , -S 
i R 6 R 7 R 8 , *3.J;tf-NR 9 R 10 CfcfcU R^R 10 ****!*^ 

;vS, AayyI^rn7'J-;vS, /M3^yf^79/v^S^U R 

1 ~R 10 ^^^-^feo■r%m^o-rV^X^iV^ 0 ) 

v\ rrt% R 1 ~R 1 °{«#S^*i-^^-c%j;<, «M6©«kUt, ^ 

% t/w^a^**, ^7/^>ix/^ =zh*mm%mfz>zk 
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OH O^ 

v X4 Br v X4 X5 „. nH x, N Xy b-o 

Vy>( Mg |CW Xrf B O H HO^OH.-CtVOH VV-^ 

^\JT%f xHf' raF,.78C:2ir THF,r.,,.2day ^\JCXf Toluene^lOh X,-^ ^ 

X, $ 7 X, xT x? Xe X, k? Xe 

X 2 -\OLf TotamcieftaxiWh ^'iili 



2XL« 1-2 K 2 C0 3 

IrCIOCHpOorNaalrCleaHoO. »■ PrMaClfe ► I'MaM 

^ 2 ^ 2-EthoxyethanoJ-water,r.t:30min reflux:24h 2-Ethoxyethanol,refIux:15h 
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tsfc, tasa^ (i) ~ (6) x^znz&mumk&m^ y^-* 

«*t& mib^ (7) ~ (12) XTKtsnz&mmfrfc&w*;*?- 
%l&\z&ut, n&ommm&nzm^zte, B««>.c=o*fcB>so 2 

20 Bte>0, >S*fcl4>CR l , P*5tt«»ffSl/V». 2£>fc 

, huIBS: (7) ~ (1 2) K43VVT\ tlSXn, iA^ftSX 

25 ST^u^D^b<> 7y*If*&tth , J7MD^^T?*5 
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10 ft (8) (1 1) T^$n§^SI3fift^Tfe 
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io , «*fci~2 2fl©MU sm&b<tt#i!&7;v*;i/ak Sfctt, b£Si$c2 

0, ru m, 1 ^^FfcO fcfcSEtfct&V*. ) T^^tl^^^&y V-#>fe 

ttm&^S & (1 4) : 

- (G) b - (14) 

20 (5£*, Gtt-O-, -R-O-R-, -S -NR-, -CR 2 -, -S 



mMXfo#Um*T?&-DTh&^iS, (13-2) 




(13-2) 
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iR 2 -, -SiR 2 -0-SiR 2 -, &&Z$- S i R 2 -0- S i R 2 -0- 

siR 2 - (^ct, RUs &kmwci~2 2m<omm. m^v<^mrjv 

*^TfflV^nS> ^ (13-2) : 



n^nm\L\Z-R\ -OR 2 , -SR 3 , -OCOR 4 , -COOR 5 tfctt- 

siR 6 R 7 R 8 (fc^u, r x ~r 8 ^ m.mmi^2 2m(Dum. n^\^< 

ifcT&5o R 1 RtKR 2 «, ^n^nniLiZ7Kmm^^$>^X%^o n, m 
20 &Vi 0 ) T^£*l<5>. A r !% A r 2 ^-?-tl-? J tl|SI — TJboTfe, 




(13-2) 



*^B^(D^: (13-2) O^E/V-J^MftpK Ar 1 ^Ar 2 (12i©7U 
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±m<Dj£ (13-2) Kl43V>T, Ar^^Ar^ifitfc^IlT^ 

5 >> 7>h?±.>. ^h^-fc^ ^;l/^"P>, 7x.j->hU>, \LV>, £MJ 
fc!U5?>, tf^> ? >, 3VU>, -fV^UX T^U^>> ^a:^-> 
hQ'JX !7^>, Hn-jk ^^x>, ^it^/-;K ^-^^Tl/— )V. 
s J-TVTV—)],, HJy\A-;k ^^/^UV— ;k ^>VHr*W7V 

10 ;k ^>^7y7y-;k i?7x-JV^7 4 /-JK v^x-^X^T 
o £<z><M&S£bTfc3\ fc£;Lfcf, x^;i/S, ^Dlf;H, 

tr^^^s, hur^>^*> ^yu>ss, ^y^u>^*^^©^m 
25 2&2~3 0MoTU-;i/«feL<«^nru-;i/»^^tf e>n§. 
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R a jWi-*1WU6fcbTtt, ±13— R 1 , -OR 2 , -SR 3 , -OCOR 4 , 
-COOR 5 £fc«-S i R 6 R 7 R 8 T*£*l3gm^ 2Sfc-NR 9 R 10 

(fc«u r 9 > R io te, *n*na:fcfciWMfci~2 2floea, sjt^&b 
#5BiB©5£ (13-2) o^tn-ifit, v> R^R^tttt 

15 SIC, 7U-MtUm Ii i bb<l4*tl©7i-M, M^feL/<« 

tutu **u^7vf-;i/£» 7xn;i/^-^it^Ty-;^ 7x^f7 

^7^-M, ^>yf7^7^M^Wtll^©l!*§. 
20 &tf£>n&o 
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-R\ -OR 2 , -SR 3 , -OCOR\ -COOR 8 ^fctt-S iR 6 R 
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r 8 (rctcv. r x ~r 8 «> Tkmrn?, mm&i~2 2m<Dmm. mvt%v< 
^wo&mmmk&m^&fr^m&fa cnn iz^x. ^ (i4) 

15 ^/T-f S$'M< t!>ttf fe©TS5^ !&mzfoCT. ^tie>^<D^E 
U7x-;i'75>ftS;tt§ ; Ey7-ft«!:l,m ±3&<Z> [I] 

h u 7i^i/75 >#is^wr^ ; &y T-m^.hiiiito'fecD^ffl^-i) ^ tan? 

20 

^BJ^^IBmb^^^^^M^ [in] 

/W£b<, 0. 5^&2 0m!5^b<, ljfefc 1 0 JWftfe^b^ 
25 -TV^fRl^feD, 3 0%^M^.^>a:^l*^fg<^:?>jS(nJ^^^o 
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m&*<D&& : £S r ?~&&(D&!toZ> : E)\ffrm^ 7 0fr£9 9. 9XA«»*b 
<, 75^699. 5X#«kt)fiPSb<» 8 0 j&> £ 9 9 * 

*»E©&«Ettffe^fc [HI] ±i£© [I] t 

*56IJ30#>J7- [III] M*J£> ^/T-ft^^TS 

S^v^^rfcfi, Jitter #C5C 



WLT)V :3 rU>M'V& X> , Ar P A r 2 > R 2 , V, a, b, n, nu 1 



(RO) 2 B — ^~Ar-| ^ ( C R^CRz-^ hAr 2 - 





B{OR) 2 



ya Vb 
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^;7-#tt^tSiA»O0lBi:lt «pM¥9-1 3 6 9 54^ 

[iv] teiB5£ (i) ~ (12) r^n^^-rn^fD^mmmh^m^y 

15 gmX^«mT25oT%<fcV^ (1 3-2) : 



it. *»«©V> R 1 R^R 2 «, ^n^tet-R 1 . -OR 2 . -SR 3 
, -OCOR 4 , -COORW-SiR 6 R 7 R 8 (fc«U R l ~R 8 tt 
20 , **3U~2 2fl©ia«U ^t>b<l«7W^ ^^2 




(13-2) 
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n, m, 1 ^RftelO tteZZtfetSL^o ) T^^tl^^^E/T-^i 

5 ts 

mm^/^-^^^r^mti^ & (14) : 

- (G) b - (14) 

10 GtZ-O-, -R-O-R-, -S-, -NR-, -CR 2 -> - S 

iR 2 -, -S i R 2 -0-S i R 2 -> &£Z$- S i R 2 - O- S i R 2 - O - 
SiR 2 - (Jl^T, Rte, &km®il~2 2m<DW.m. m®lhL<teft®iT)V 

&mm*vm^*>n2>, & (13-2) Tg^n^Mt/Y-ffin ±5^ 

<D [III] fc:i3tf££rf£^/ 
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*»W©£«fittflS^fc*'&tt*# : P#m'&# [IV] tt, ±13© 2J&#© 

5 U 7x-JV7$ ^SttS^y 7-$fitbTH ±S£© [I] 

hU7x-;WT$>fT*S#*r« ; E/v-#tttK«l©«b©*fflVi5 2:t*«T? 

*58W©^JRB3^ft;^«iS'&tri«^*S^ [IV] 4>©£^/^-#& 

«ft4 , ©^«iBttft^<» ; e/-T--#ffi©i5«>* i E;i/^«, o. 1*^30% 
^mm<D^wium^m^ts^^m^w civ] ^©^/^-^ 

15 <, 6 0)5^9 9. 5 %/&tj:0$f^b<, 7 5 9 9 %^Sfe$f * bV>„ ^ 
S^yv-W^ 5 0%*iT$St^»g^I<^5«^H:fe!), 9 9 

20 JVfrmfe. 0. l^e> 3 0 %*>W£b<, O. 5/5>&2 0%^J;0^L<, 

1^610 tiLfrnmfe*; o . 1 &*#rT?fc 

^^©^ssB^^^&^tri^^^a^ civ] ic^a^-s-a- 
25 §2ia:©T^sgtfe*fe«#gii©hU7xrL;uT5>#^^-rs ; Ey^- 
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^HJO^MB3mb^^^^*«^#: [IV] ±m<D 111 t 



$£X;Mrl/>ST&frK Ar P Ar 2 , R 1% R 2 > V, a, b, n, m, 1 
UMi&<DL&K> <D%<D~Z&2>) T^^tl^^^E / ?-ii#:CD^#D>X^ 

w/xra^ts:^ / ^-st s^^o £ , ¥7n ^mmmt 
tewmmfo*;-?-. bv?u*:&ftnMmnmfa£&. (o) m 

^/^~m^^t^&^o<Dm^\zn. wm¥-9 - 13695 4^ 
y^-sr/huyD 'e^nmm.mm^ t^tHD^ 




B(OR) 2 
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0 0 0, 0 0 0^5u«*b<> 3 0, 0 0 0-8 0 0, OOOTfc 

#fct>, i, ooo, o o o^m^tmmmmyr^im^^o 

«ttJP©**tt. J^WftSWtilRStSilfcm, 10-3 0 
0 nm^5^«K, 2 0-2 0 0 nmWut^^^t^ 

3 0 0 nmSS^StWHTTSiS^S. 
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*/*u-u>»*#, ^rvr^~-)vmmw, ^>v^rv-)vmmw 
^ t u -i-7*u>mm#. &m*u—hmfa i r^pt 
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, ^-7^l/>, 7>b^-fe>\ y^9"fe>» ^;V^l/>> 7it>M/>> tf 

^U-fe>, tfU^X K95», */u>» -rv*/u>, 7*ys» 

N- (4-^7x^JW -N-i^7x^75X N, N' -V7 
x-jHN, N' -tfX (3-^f;V7x^V) - CI. 1' -t'7x^W 
_ 4> 4' -^y^>, N> N' -t?X (3-^^;W7x^;V) -N, N' - 
l£* (2-^7^W) - [1. 1* -t*7x^H -4, 4' -3>75>fc2 

sfcmmism** -2o~+3oot;©flMi> ^k«io~i 
oo < c> mzi&&v<foi 5~5 o c c-mji-r?.^i^"e^^o 3«Jf3 
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, ^noi^x fb7tFD77X b;i/x>, ^>-i/>> 

■smzo. i~5ii%^ti5^^mb<, o. 2~3ii%^n?> 

teU *a#fFl§4, 5 3 9, 5 0 m&£ZS*m%ff?mS, 15 1, 6 2 9§ 
TWU H«S^WWO»9 0/13 14 S^SfcliRWWI^WJBO 

is 443 8 6 m\zmm.^nx^^>o 

z. n z ummt. mmo'pu < t i 3«wt* £ * v - f t r / - h © 

20 A If 43 £ te!E?Ui» H ^ xWhn;V5**fe>h» £T 

/ — Ftorafc^ASft^fc©^**- *y-FWtun w*.**. l 

i, Ca, Mg, A 1 In, Cs, Mg/Ag, LlFft2©^«*fctt^ 

^7^* 

fcttaW^'J^-) (Mfcfck Au) ^fctt^i^^ttSi 

25 ITOiift^f^fA/tfti) 
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a& j; xs/ * tc \$*=&mm k ttW7V-)\>mm&. 

15 

20 SCfcTOS, 

Hf*$sV& (1. 9g, 8 0mmol) OTHFl^i^^ 
-9-^^;i/*;l/AV-;V ( 3 0 mm o 1 ) ©THF*«^ 7)V3>i§ i ffiT 

25 n-V-;MttH&* h'J^W^tXXfJl/ (3 0 Ommo 1) OTHF^ 
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^#&n^o #^nfc@#:«rh^X>/'T-feh> (1/2) *>5?f»llfr*E. 

„ (1 2mrao 1) £ 1 , 2-X*>5> 

;V (3 0mmol) £ WVX>*T 1 0 B*IM*bfc** WVX>/7-fe 

b> (1/4) U)V;v/-)vmm^x2>x.^)V^ 




2-^o^kru^> (lommoi) , #;wxv^;wtt^#o>J 1 *^ 1 ' 

(1 Ommo 1) , Pd (0) (PPh 3 ) 4 (0. 2mmo 1) ©WPX> 

mm\z, 7)izf>nffi-T, 2M©K 2 co 3 7jc^^iJP^-^ tt<i#^ 
*dtKi<kD. 3- (2' -truvW -9-^^*;wxi/-;v©h#** 
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20 0mlCD3on77X3l:I^ , J^A (I I D (1. 7mmo 1 
) % 3 _ ( 2 ' -tfU^V) - 9-*9')VlJ)l'JVS— )V (7. 5 8mmol) 
, Ih^i/X^;- ;i/5 Om 1 i:7K2 Om 1 £Afrl> ^imTIfi"C3 0^ 

-/i-^nD-fb7W [3- (2' -fc!U>W 
^-JV'', c 2 ] SMUv^A (HI) ©$m&f&*£#fco 




10 2OOml03^D77Xn}CI^>X^/-^7Omh S?-#-£a 

a _^ h ^^ x [ 3 _ (2' -tfUvW -9-^fJWJVA n /-JV-iV J ' 
C 2 ] $MUS?#A (III) (0. 7mmo 1 ) > TB»ja^T?*SnST 
-fe^;V7-feh>ff^#: (2. lOmmol) fclfcBW-HJ^A (9. 4 3mm 
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(j«i*:^Do*;vA/^^y-;v: so/1) miiu C3 

- (2' -9-^;V#JW\V-JV-AT J ', C] 

>i?)V7^)VT±h?-h) -f'J^tfA (III) ©&St&f&5fc£#fc. 




10 



2 &JMMMfr&* ^2 (12 5) 
W**y*>h> (1. 9g, SOmmol) OTHFfl^lf^ 2-hHP 
6 _^ pt - 9 - ^^;i/*;W^/-;i/ (30mmol) ®THF« 

, 7;v=f>^T> *<«#bfc# ^u^-;w«**ii«^ 

fee #&nfc*U-*~>Mtt*** h'J^W^tXXfJV (3 0 0mmo 
1) ©THF»-7 8m<I#W^ 2KHH^WT«**fc»Tb 
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m&ommmznfco #5n£@#§h;px>/7-fer*> (1/2) 

snfc (40%) o #&nfc;&;w^-;i/Bt»##D>« (nmmoi) t 
1, 2-x^>^-;i/ (3 0mmoi) £ h;vx>^T i o mmmuvrcm. 

, b;px>/Tirb> (1/4) %)V;vs-)mnM* 




2-^n^EtfU> ? > (lOmmol) , ^W^A-^SNIft^n >XXrJP 
(1 Ommo 1) , Pd (0) (PPh 3 ) 4 (0. 2mmo 1) <£>h;i/X> 

2-kFD^>-6- (2' -tfU^;W) - 9 
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10 



2OOml03on7WHWJm(IH) (1. 7mmo 1 
) , 2-tFn^>-6- (2' -tfU^V) -9-^M)V/V/-)V (7 
5 8mmo 1) > ih*^;-)P5 0mli:*2 0ml*Xn, 

TtfUBKKU ^-^-^D-fhm [2-tFn*V-6- (2' - 




lrCI 3 3H 2 0 




15 



2 00ml©3OP7WfcXh^/-^7 OmK 5?-M-*n 

n -^b9*X [2-tFn^-6- (2' -tfu^;v) -9-*^;v*;v 

A ^ / _ ;1/ _ iV J ', cn SMU^A (HI) (0. 7mmol) , TK*Kfi 
Sn^snST-fe^VT-feh^eNW* C2. lOmmol) fcWW-HJfrA 
(9. 4 3mmol) SAtU ^TM«^ *<D*1 5»DM« 
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10 





15 



[3 ^JUBttftJ^* ^3 (2 5 3) 
V**^** (1. 9g, SOmmol) ©THFfl^^C 2-^n*: 
-9-7;V#W> (3 0mmol) ©THF***, y;V^>«TF, 

)Vtm*s hU^fM^XXfJV (3 0 0mmol) ©THF»-7 
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tifc. ft5nfci#Sh;px>/7th> (l/2) fr&JHgrft-rSEifcJ; 
0, iMii IT7M1/ / >ii#^D >t^#f,nfc (40%) „ #£> 
nf^JI/t^y^Wn^i (1 2mmo 1) tl, 2-x^>^-;P 
(3 0mmol) * h;Vx>^T 1 0 «MW««Ebfc«, h;i/X>/y-fe h > ( 




2-^n ; £tfU> ? > (lOmmol) , 7Ml//>iiMD>XXf^ 
(1 Ommo 1) > Pd (0) (PPh 3 ) 4 (0. 2mmo 1) <Dh)VX.> 

ZZLUZ&r), 2- (2' -tfUSW - 9-7Ml/7>©S^Wc. 




2 0 0mlO3^P77X3l:S^'J^'7A (I I I) (1. 7mmo 1 
) , 2- (2' -KU$W -9-:7;i^W> (7. 5 8mmo 1) , Xh 
^>X^;-jV5 0ml t*2 0ml §Atl> tiIITMT3 0#P*lil# 

u ^©^2 4mrnmffiwtftisfro sj^^m^t^u tmw*m®& 
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10 



i ' 



^□n-fb^ [2- (2' -trusw) -9-^;^w/>-jv 



2X 




IrCI 3 3H 2 0 




2 0 0ml©3^a77X3CX^^;HV7 0ml, $?-/i-*a 

D _^ h9 ^x [2- (2' -tfu^;v) -9-7;i/*w>-;v j ', c 5 ] 

SMU^A (III) (0. 7mmo 1) , TB«3ft*T?*Sn»T-fe^7 
•feb>«*# (2. 1 Ommo 1) fc««W-HJ#A (9. 4 3mmo 1) £ 

xn, «swwt*»t«#u *©*i 5»mwH»bfc. 




D 7h (»itt:^DD*W^^/-^: 3 0/1) *C»»U tfX [2 
T-fe^VT-feb^b) -fUv^A (HI) <D®M&B**&fc. 
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rnmmi-4 *sv>mi*# ^a>txxf;v (i-q-d ®m 

V^>"j7A (1. 9g, 8 0mmol) ©THFi^WC 6, 6' - 
tfX [2- (4-^nt7i^JW -3, 4-^7x^yj>] (3 0m 
5 mol) OTHF«f«S, T;P=f>«dRTfc, fcin*., 

KlXf^ (3 0 0mmol) ©THFMt- 7 8"CTJ:<I#b^6, 

;i/x>/7th> (i/2) ^6fnea*rs2:fcteJ:D, iMltLx^y 
U>«iS# ^n>»««#5nfc (4 0X) . §6nfc+yu>««# v- 
#U>m (1 2mmo 1) il, 2 -X^>^— ;i/ (3 Ommo 1) 

x>tp*ei ommnmistzm. h)VJL>/r±h> a/4) frzn^MtVfr 

15 +>"J>»i#: ^D>ilXf;«feMtUT#6nfc (8 

3%) o 

i - 5 ^mmmt^m^tsm^^m^o)^ < i - p - 1 > 
njgfli i -e&j&vfc&mm&fc&yi ( 1 ) dmmoi), tib^^t^ 

Sn5y^Dt^7xx;ktW7^ (9mmol) > SJ^D'VfrS/ 
20 ;i/^^^^n^:^>if> (5mmol) , MMffl I — 4t^lfc^y U > 
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mmfa ^D>tX^fJV (I-Q-D (5mmo 1) , Pd (0) (P 
Ph 3 ) 4 (0. 2mmol) ©hJVX«, T;i/=f>»T, 2M0K 2 

co^mmztia^ ffl.h<m.wist£tft>, 48mmm.m^tc 0 



5 K^n^m^u^^mvr^ **<D^/--;v*fc&i?r\ ®te*vcm 
io , #&nfcH#* v)vx.>\zmm\,t^ • »>r 

1 5 ^LT^SgB&'fb^tl^^tfiS^^fi^^ ( I - P - 1 ) £#£o 

mmm i - 6 &M@a&te^ti£#t^#^&fi^#^/& ( i - p - 2 ) 
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mmm 2 -c&mistt&mmwb&m (125) ( 1 mm o 1 ) , tib^b^: 

T?^n5^^nti?7x^VW^T^V Ommol) , ^sZWS 
^yfrttz/^tt^yey (5mmol) > $mmi -4T-erfifcbfc3r/ 
U>M^ ^D>tX7fJV (I-Q-l) (5mmol) , Pd (0) 
(PPh 3 ) 4 (0. 2mmol) ©WVX>**fc* T;V=f>^T, 2M 
<DK 2 CO 3 7K^^0^ *b<»#bfc#&* 4 8B#KS^bfc<, 




»«&iajRbfc. a sic. ±B-r*>saM»»fcJ:*«w*2iai»D*bfc. 

|«>bTAMBttfl5^»ft«nli»^*«^* (I-P-2) 
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mmm i - 7 £PBfl^*&*tm$m»&*©*& ( 1 - p - 3 ) 
mmrn 3 n^vrc^mmmt^m (253) dmmoi), TiBttKfta 

TS$ns^^nqE^7x^;V^1^^Tl/-;V Ommol) > ^da 
^^M^^^^D^^^^ (5mmo 1) , I - 4T£j&bfc3V 

U>BI^ y^D>tXXfJl/ (I-Q-l) (5mmol) , Pd (0) 
(PPh 3 ) 4 (0. 2mmol) <7)WI/X>M^ T;i/^>^T, 2M 
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m&vT&mmtiL{b&m&&tsftfrp#n&<* o-p-3) 
i - 8 ttiELiws ( i - 1 ) 
mmm i - s i:%itMum&mtttzitjitt&m&w c i - p - 1 > © 

h;px>»«[ (1. 0wt%) ITO (mfl^r>>^A$i) *2mm*ifc 

mytm (IH7 0nm) Zmfchtco ffl|g$itTT*yh^l/- 

U ±ffi383teJB±fc:C a (Jgff2 0 nm) , A 1 (mm 1 0 0 nm) ©JRfc* 

A° y *- P&«©tt/h««Eth 4 1 4 0 B TfSl5£ b , RftM&tt h 7n >*fc$g S 
R-3T?l!l^bfco ITO^iE C a /A 1 &&ffifc:LT*JBE&Blinb;fc£ 
215, »4VTf#fi5i5316 (A = 4 5 0 nm) iflmm^tltto £©# £^£33 

w-^fiwojt-fca:, 2 5t:T> 5 o 0P#^ji^t>^j6e.n^ofeo 

WWflI-9 f!ELi?©M (1-2) 

*J6M i - 6 -vmfr&mmmk&m&'Stsmtt&m&fc ( i - p - 2 > © 

hJVJL>»m (1. Owt %) ITO &2mm«Jc: 

583feJl (MJ¥7 0nm) £^J&bfc 0 ffil^^Tt^y h^l/- 

U ±lE«3tI±CL i F (flUffO. 5nm) , Al (BlJPlOOnm) ©jig 

yh/^y*- F*h«©IR/h*»Effl-4 14 0 B«L, M#g}ih^>t 
gSSR-3T$lj£Lfco I TOM, L I F/A 1 §H?«CUT*JE*BIJP 
Lfe<hC15, »5VTt^>^fif6316 (A = 5 9 0 nm) #«SI£nfco 21© 
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ntz.fr -o fro 

mmmi-io tiEL*w«(i-3) 
^mmmt^m^nm^^M^w ( i - p - 1 ) o fc^«B<tft 

-^WS-^trW^^**^ (I-P-3) -8£IrI 
5 *fcUTITO/#UT-383teJi/Ca/AiaepftfP«bfc. tiELlf 

4 140B«b, ^»««b^>%h»SR-3T«l3£Ufc. I TO£ 
M& Ca/Al*l8l*KlbT«JE*WllDbfci:Jl^ ^j4VT*'feB^ (A 

io , 5oowi«ifee.n^ofc. 

&*Bttfc^S^t*i«0 J F#*&# ( I - P - l ) <Dttt> Q fcTIB*^ 

^$n5#u^;'J>^Wc^t «mi -8fcW«ifct/riTo/ 

# U ^-Wtm/ Ca/Al m?*ftm Vfeo # WcITO/^ U T-38ft 
15 i/Ca/Alif^tWit, ITOSSS, Ca/A1S»UT 
«EE&epinbfciC3, »10VT?*fiffi3t (A = 4 3 0nm) *««W$nfc 




It«EM2 
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&«ffittfc£%*^tf ffiSHP&fi-&# (I — P — 1 ) (DRt) 0 KTIBflKisS 

H»JI - 8 tlM^fcbTI TO/^UT-^I/L iF/Alif 
^llfc, I TO/#U7-OT/L i F/A 1 

5 gfcU ITO« L I F/Al &»SfcbT«JBE*^inbfcfcC:^» *9 8 
VttM^ (A = 5 4 8nm) *t«»Sn&«J, P*mfc#lc38ttfi#ilt6J&» 




10 I TO (mt-OifVAM) £2mmffite/1^— >n>2fL&#9:*a«± 

*-;ViJimH£LTa!-N.PD£, 1 0" 6 P a©^ft>;t-rtTjS 

•V7jk-znz>&mmmt&%) i r (ppy) 5 scbp tfi*it^5%tc^s«±: 
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WBBJBfcbTL i F&0. 5~2nm, A 1 SI 0 0~1 5 0 nmlf tfc 
5 I©f/MM4 14 0B«U »ttth^3>aiSR-3« 

x«jE^wnbfei:^5. mQvxm&myt u = 5i6nm) tfrnm-zntc 
o -^m^ (5 0mA/cm 2 ) xmrnvrct^^mm^mmm^m^vtct 
£3> i o o iwr&ofco 
10 ^/U>0lift ^n>txxf;v (ii-Q-l) 

(1. 9g, 8 0mmol) ODTHF^WKU 6, 6' - 
tf* [2- (4-^P^^x-;V) -3, 4-^:7x~;V*/U>] (3 0m 
mol) ©THFIS^ r;i/=f>»»TKi, J: < MWl>tatft>'&* 

15 |?XXf;V (3 0 0mmol) ©THF#*te- 7 8tn?«k<«#l/fc**&* 
;WX>/T-feh> (1/2). *6»itbT*; 
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v>mm& z?tfti>mi!)mztit£ u 0%) . %*>nrc*;v>mmfo v 

•#U>m (1 2mmo I) hi, 2 -X.? )V (3 Ommo 1) £rh;V 

x>4>T10TO«bm h;PX>/Tirh> (1/4) ^e>^^bfe 

3%) o 

^Jl@2^b^^triif^^«-&#:©^ (II-P-1) 

mmMi-v&f&vxi&mmmk&m en (immo n , tih^^t^ 

$n§^^at^7i-mij-^7y-JV (8mmo 1) , v^^D^v- 
;V^-^r->^^P^E^>if> ( 5mmo 1) , HMMII- 4T^lf^y U 
>^ig#: >?|D>iX7f;i/ (II-Q- 1) (5mmol) Wh'J^n 
^tiiftnmm^ J ^ (lmmol) , Pd (0) (PPh 3 ) 4 (0. 2mm 

oi) <Dh)i3L>mwiiz. r;i/xf>m^T, 2M<DK 2 co 3 7mm*m%-, 



, @#:s#^o -zziz, ±mr±h>i<z&z>ntfcmm$:2®MVMisr£o mz 



Br 




Br 



Br 
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mm*®whfc e ^e>ic ±m^^>^mmm\z^^mm^2mm^Mvrc 0 

^bT^Mis&^ti^^s^^m^ (n-p-i) zmtco 
hssmii-6 &mmmt&w*^tsmfri L &m&fa<D&i8, (ii-p-2) 
mmm2x*&]&L.fr&mmmk&M (125) dmmoi), Tta^^: 

T^^tl^^^n^Ev'y'xZi^^+h^Ty-^ (8. 5mmol) , 
W\3ri/)l>3-3rz/i;7u*:^>J£ > ( 5 mm o 1) , ^ISSM 1 1 - 4 b 
^;>J>i##: y^n>iXXrJk (II-Q- 1) (5mmol) R« 
b'J^D^ni^/T (0. 5mmo 1) , Pd (0) (PPh 3 ) 4 
(0. 2mmol) <Dh)VJL>mm\Z, T;Vrf>^MT, 2MOK 2 C0 3 tK 



Bi 




§#fe 0 m®.vtc.mfo*h)VJL>\zmm\stz.%k. ±m<Dy^h>^\z^, m 
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fc&VT&mmmk&mz^tsmfr^m&te (ii-p-2) ^#^ 0 
mmmu-7 &mmmt&m&^ts^ft^m&fa<D&}& oi-p-3) 
mmm 3 -vermis tc&mmmt&m (2 5 3) ammo o , TfB#Kt5£ 

7?mtsn&¥7u^7^)l>**V>>Ty—)l< (8mmol) , v^^P'N 
^^t^->^D^>^> (5mmo 1) , mmmil- 4T^U^ 
y <J >l^ft i;^D>flXfil/ (II-Q- 1) (5mmo 1) RtfhU 
^o^E^nSjt^y V (lmmol) , Pd (0) (PPh 3 ) 4 (0. 2 
mmol) ©h;H>Ml:, T;Vrf>^T, 2M<^K 2 C0 3 7jc^$Jp 
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p 
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\Z, ^^nfcB^^Vy^XWiltlWTTthVlCJ;^ 2 4Btr^ttl- 

5 m^vx^mmmt^^t^m^^m^ (n-p-3) 
nmmu-8 tiELgf©^ (n-n 

IHS&M 1 1 - 5 T?#rc^MSHmb^^=£^tf Sr^^fi^ (I I - P - 1 ) 
(Dh;VX>M (1. OwtX) *, I TO (Rfc-T >v ? ^A^) £2mmi|g 

10 ^$B3fcJB (HW7 0nm) ST&fifcbfc. #V>T, h^l^ 
it, ±B»«i±fcCa (iJS2 0nm) , Al (iUllOOnm) (DMlZ 

15 SR-3«bL ITOSRS, Ca/A 1 Sr^^bT^JEE&PPJnbfc 
££3, &J4. 5VTfM3fc (A = 4 4 0nm) jWBSISnfc. Z.<DW&m 

mmmu-9 fiELi?©^ (11-2) 

£ttffl 1 1 - 6 T!#fc£JRSSfltft£-4fe fc^tffcfl^ (I I - P - 2 ) 

20 ©b;WX>»«t (1. Owt%) ITO (»>^>)A^ £2mmi|ig 

5£U ±fBf§3feS-tfcL i F (JgUPO. 5nm) , Al (IJIlOOnm) © 
25 JBfc*8i£Jgj£bjfc:. flEL^OtttiiittT, *«t*JEE*M£«rt::x — 
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ITOSiE L i F/A 1 £H&«teLT*JBE£l$ 
JPUfctE^ $J5. 5VTtI/>yfeM U = 5 7 0 nm) **«SI$nifc 

5 fg&ibn&j&^fco 

tlELif(DM (II- 3) 

&mm&{£&m&&timfr?#i&&# (ii-p-d ©fu> d fc&«iaffi 

fc^*l*'£tr?**H t #m'&# (II- P- 3) ^ffiVJ^d 
tRmtdbT I TO/#'J"7-5l3tI/C a/A 1 ifSMLfe, fiEL 

io m¥<D&mzMmzT, nmnm&&&\i3.—uy b/^^-^n<om^m 

M4 1 4 0BT«U ^)tlf Sli h >tS S R - 3 ti^ Lfc, IT 
O&RMfi* C a/A 1 SBSKlbTfcJBESSttinUfctC^ J&4. 5VTffi 
56^ (A = 4 4 7nm) #m«ISn;fc. H©#fi583fcte*W-a6«©^tt, 
2 5tT, 5 0 0I^IRJiK3a«t>K«)&n»:j&^fc. 

15 mmm in — 4 i;->^ n^->mj/^>f >s?#n >Rixf ;i/ (in 

-PP-l) 

V^>"^A (1. 9g, 8 0mmol) ©THFI^4<t, 2, 5->> 
^P^E-l, 4-v ? ^\^r->;l/^-^r>-^>'if> (30mmol) ©THFM?: 

20 bfc. nZntct/V-^-Jltm*, hU^fM^iXXf;!' (3 0 0mm 
Ol) ©THFjgtl:-7 8tT?ck<^t^^ 2B#raa>ttT$fc*fca*T 
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-&>Ptfu>WtiW&£*itt (5 0%) o #&nife^v'^n^^i/t+^> 
t>^n>^ (12mmo 1) tl, 2 >z?3r— )V ( 3 0 mmo 1 ) 

£h;vx>*Ti 'oi$W3tttb&«, h;ux>/r-feh> d/4) j&>&f?*g 

StUTftSflfc (8 0%) o 

mnm\u-5 ^mmmt^^ts^^m^o^m (iii-p-i 
) 

mrnmi-z&f&isit&mmnLfc&vo (i) (immo d , tib«^t^ 

£*13 2, 5-tfX U-^O^^x;]/) [1, 3, 4] Wv?7^/-^ 
Ommol) , Sfel6MIII-4T?'&j«Ufc^^a^^;W^^>i?> 
^#n>ilXf^ (1 Ommo 1) , Pd (0) (PPh 3 ) 4 (0. 2m 
mol) ©h;WX>»ifcte» T;V^f>^T, 2M<DK 2 C0 3 7KMSiJPA 
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2,5-Bis-(4-bromo-phenyl)-[1 ,3,4]oxadiazole t 



P 
6 



2<M13,2]Dioxaborolan-2-yl-2£^ 

fc»LT&JilBffifcfc«*«rt«^#*^* (III-P-1) 
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mmmiu-Q &mmmk&w&^tsmft^&m&fc<D&j& (m-p-2 

. ) 

mmM2-x?&&c,vt£&mmmk&m (125). dmmoi), tib^iS 

T^^n^>2, 5-t£X (4-^Dt7x-JW [1, 3, 4] *3fW7V 
5 — ;i> (4mmo 1) , 2- (2, 5-^n€7x^) -5-7x^V [1 
, 3, 4] ttWTV—A' (4mmo 1) , ^JSMIII- 4~C&J&\s1ti?$' 
^o^\^^;^^r^>if>^^D>mxX^;i/ (lOmmol) , Pd (0 
) (PPh 3 ) 4 (0. 2mmol) 0h;PX>»*fc, T^rf >&«TF» 2 
M©K 2 CO s zK»«t&lD^ «U<ft#L&**&, 4 8B#ra«i«bfc. 
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N-N 




2,5-Bis-(4-bromo-phenyl)-[1 ,3,4]oxadiazole 




2-(2,5-Dibromo-phenyl)-5-phenyl-[1 ,3,4Joxadiazole 




2-(4- [1£,2] Dioxaborolan -2-yl-2,5-di<qrclohexyloxy-phenyl)-[l,3,2]dioxaborolane 
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#/#«^ &in*., iB#ra»#bfc^ ^iiiut^u-?- 

l3JRbfc#U^-»**^:*©^^/-;i/^lca^ H^S«tJK$"e:fc. 

\Z, # ?,nfcS#:& V 7 ^ X l/-i»T7t h >il J; 0 , 2 4Bf P^&fcfcS • 

«B#bT^«l2&^«l&^trii5^*S-&#: (III-P-2) 

3**01111-7 ^Mmmb^^tm^^m^®^ (in-p-3 
) 

^*«3^j£b&&«fa&fc'&<i& (253) (lmmol), TBBflBfiaS 
T^£n&2, (4-^D^7xZJW [1, 3, 4] ^IH^TV 

(9mmo 1) , 9, 9 -z?jr#^)l7 2 , 7-^n>^I 
X-T-;!/ (5mmo 1) , mffiMUl- 4T<a-J&bfc^>5? n^v^l/rt^v^ 
>if>> J ^D>mxX-x;P (5mmol) > Pd (0) (PPh 3 ) 4 (0. 
2mmol) <Dh)lJL>mmz, 7)Vzl>%Wrf. 2M<DK 2 C0 3 7jcM£ 
to*.. *b<«#bfc#5, 4 8WIL 
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N-N 




2,5-Bis-(4-bromo-phenyl)-[1 ,3,4]oxadiazole 




C a H 



8 n 17 



CaH 



'8 n 17 



9,9-Dioctylfluorene-2,7-bis(pinacol boronate) 



P 



o 



6 



2<4-[13 > 2]Dioxaborolan-2-yl-2,5-dicyclohexyloxy-phenyl)413,2]dioxaborolane 
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m&VT&mm&it&m&'S-tonfrrxm&ft (m-p-3) 

5 ^»JIII-8 IftSEL^?®^ (Ill— 1) 

^Jg^I 1 1 - 5 T»fc£*Effifc#«fc^fci«#^#«*# (1 1 1 - P - 1 
) ©WPx>jgHK (1. Owt%) I TO (BMb-f >z?V&m) £2 mm 

(UI7 0nm) fcj&jfcbfc. KililiTl?* ^h^ 

fc#U ±IHB^Jl±fcC a (mm 2 0 nm) , A 1 (MJP 1 0 0 nm) (DM 

1SR- ITOW, C a /A 1 £&ffifc:LT«JE£BliJ0b 

15 fctC^ «&4VT?W6»3t (A = 4 5 5 nm) jWSjfflSnfc. £<0#63B3fc 

tiEL$?©M (III- 2) 

mmmu i - 6 -cwfc^jRSffi^**^*^ a 1 1 - p - 2 

) 0b;n>M (1. 0wt%) I TO >$??A») £2 mm 

UVM (DS7 0nm) &18f&V1t. &^T\ ^tillTOyh^ 
I/-MT8 0 , C/5 5>ffiJDl^^Lfco #&nfc^7X^XSIfit 
fO£U ±IB^P-hiCL i F (fl££J»0. 5nm) , Al (DllOOnni) 

25 hAy*-Ha«©«/h*«Etf4 1 4 0BTzll5£U ^ffftfih^ 
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>afiSR-37?3l£l/ft. ITO^ii, L i F/A 1 &&«K:l/T«JE<& 
Mlbfctc:^ U5VTtl/>i?fi^ U = 5 8 8 nm) j&t«SI£nfc. 

^WJIII-1 0 tiELgf©^ (III- 3) 

&M@amb^£iirtm#^&*iNfc (iii-p-1) ©ftfo t> fc&jRffiti: 
ftfr^£^tm$H^fi-£Hfc (iii-p-3) ftfflVifc^W:, ^JSMin- 
8 tBfilfcbT I.TO/#U"?-|83fcI/C a/A HfMbfc. WUSE 
Lif©#tt«StiCT, *«E«JBE«ptt*t3.-Wy 

mifctM 1 4 OBTS9J6U >|fcSS R - 3 Tit tfc, I 

TOSBff, Ca/AlSRSfffifcUT«JBE&B3HPbfct21^, l54VTtfe^ 
ft (A = 4 6 0 nm) nfc. £©#&fgftfc:£;tt£fei)i©^ft;te:, 2 

5"ct> 5 o ommMffi®.hmtb*>ntzfr^%io 
itmm 4 

£KEffcfc**&fc^tfili$H i #«'&# (iii-p-1) ©ftfr&tetfus*** 

V-3Sft»/Ca/A lSS^&flsfibfc. #e>tlfel TO/#>j7-»»l/ 
Ca/AlifSSifci«U ITOS»ffi, Ca/AlSRSfcUTiE 
&Btfinbfc£;i5, ^6VTWfe^ (A = 43 0nm) *tii$n&^ |$ 
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^^^□A^->m^^^>^ t:l ^ XXrJl ' (IV ~ 

P P - 1) (D-a^K 

(1. 9g> SOmmol) ©THFl^*C> 2, 5-3> 
4-*?<\*z/)V** 9 s«>£> OOmmol) ©THF» 

bfeo #&nfc^Un^-^^ bU/fM^XXfJV (3 0 0mm 

01) ©THFiIt-7 8m<I^t^^ 2Btr^H-tT^«T 

tctzz, m&vmmmznrco #e>nrcH#& wvx>/Tiib> (1/ 

2) frznm&tzztK&y), MittT>?>'^^^^> 

^#D>*W»6n& (5 0%) . »6nfc5?3/^P^^t^> 
■£>5>#n>* (12mmol) tl, 2-X*>v>*-» (3 0mmol) 
ft^X>*T?10»nHI*bfc«, b;VX>/T-feb> (1/4) 

ati/T#5nfc (80%) o 
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mmm 1 l fc&mmfflk&vo ( 1 ) dmmoi), y^mm^vtk 

$tl^)2, 5-b*X (4-^Dt7i^W [1, 3, 4] ttW7V—)l 
(8mmo 1) , 'nmmiV- 4T?&]$L1ti?i'& U'\*$s)V*3rz/'<>'i*> 
^n>8i7f;V (lOmmo 1) RtfhUr/D^^ftfcift*/^ (lm 
5 mol).Pd(O) (PPh 3 ) 4 (0. 2mmo 1) OhjH>Mt, 
y;Prf>IMT, 2MOK 2 CO S MI§M, Sfcb < Jt#b&a*eK 4 8 
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2,5-Bis-(4-bromo-phenyl)-[1 ,3 ,4]oxadiazole % 



p 

6 



2-(4-[13,2]Dioxaborolan-2-yl-2^^ 



Br 





Br 




WO 2004/113421 



PCT/JP2004/008950 



143 



\z, mznr£mfc&vv?xu-mmm*'V7*:h>\z&v)^ 2 4^iitB- 
5 m&vT&mmmk&m*^t2mfr?&m&& (iv-p-d 

^mmmt^m^tsm^^m^(D^ civ-p-2) 
mmM2T»&f&vtc&mmmk&M (125) dmmoi), tibsksjS 

TS§nS2, {A-^U^y =c~)V) [1, 3, 4] tW7^/ 

— ;p (3. 5mmo 1 ) , 2- (2, 5-^n ; E7x^) - 5 -y^~)V 
10 [1, 3, 4] ttWTV—JV (4mmol) , SMMIV- 4 T-g-J&bfc 
v^^D^->;i/^^>if>^^D>^XX^;V (1 Ommo 1) %.Uh 

vyu^&frnmm^; v (o. smmoi) , Pd co) (pph 3 ) 4 ( 

0. 2mmol) <DbJVX.>mWz. T;i/^f>^T^ 2M©K 2 C0 3 7Ki 
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N— N 




2,5-Bis-(4-bromo-phenyl)-[1 ,3,4]oxadiazole > 




2-(2,5-Dibromo-phenyl)-5-phenyl-[1 ,3,4]oxadiazole 



P 



o 



2-(4-[13,2]Dioxaborolan-2-yl-2,5-dicyclohexyloxy-phenyl)-[13,2]dioxaborolane 
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10 



m«« 3 tt&hit&nmm&m (253) ( 1 mm o 1 ) , Turnm^ 
xmznz>2, u-?u*y*-M 11. 3, 4] twry 

^(gmmol), 9, 9-^^7>W*^>-2 f 7-^n>fX 
Xx^ (5mmol) , jWI«IV-4T?*l«bfc5?5/irn^*^**^ 
>if>^n>mxzx;v (5mmo 1) ^b'J^nt»Wn ( 
lmmol) . Pd (0) (PPh 3 ) 4 (0. 2mmol) ©h*X>»* 

20 . 4 8P3IW»»EL&. 



15 
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2,5-Bis-(4-bromo-phenyl)-l1 ,3,4]oxadiazole v 

\ CeH-17 C 8 H 17 
9,9-Dioctylf luorene-2,7-bis(pinacol boronate) % 

p 

2<4-[l£,2]Dioxaboiolan-2-yl-2£KUc^ 

Br 
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ftftfc. «bfe@#^h;vx>^b^ W7th>^cft^ is 
, @#:ft#fc. 3 J:|3T-fe b >t^§ffla^ 2 @^0Mbfc o 

WH/T«IBttfls*«iHrtr*^I^# (iv-p-3) *#&. 

**«IV- ■5T?#fc*MBIfitfl5^«*TO*^* M * (IV- P- 1) 
©b^X>»* (1. OwtX) ft, I TO (g^>S^A£§) £2mmtl 

(iJ|7 0nm) ftfcfcbfc. *V>T, «Mfl«WrFT'*y 

*U ±«»ftli±fcCa (Mff2 0nm) , Al OWlOOnro) ©WKl 
«*ft»J*bfc. «ELlT«)»tt»tt^ •Utattft^-H' 
b /^ y *-Htfc«©«^«*W-4 1 4 0B*C»€U 5eWBEttb^3>tt» 
SR-3«bfc„ ITO» Ca/AlftRa«fcUT«ffift9«inbfc 
££3, »4VT1»6«» (A = 4 4 5nm) WBianfe. EOWftSBfefc 

3HJ6WIV-9 tiELif©fi (IV- 2) . 

*««IV- 6 T?#fcAJPIBttft'&*«^tt*«' : f**** (IV- P - 2 ) 
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©h;px>»?£ (1. 0wt%) I TO <M<t<f>W&m) £2mmi|)g 

^B3feJi (Hi 7 0nm) £J§Mfcbfc. Si^$itTT^7 h^W 

$U ±t3«3te»±fcL i F (HffO. 5nm) , Al (iflOOnm) <T> 

l^v h/ly*-H*fc»©tt/h*«Kth4 14 0 B«l, ^»^«h^n> 
*fci£SR-3T8(!l5£Lfco ITOW, L i F/A 1 &BfiifcbT*flE&W 
Jnbfet d^., |?J5 Vttl/>^6^ (A = 5 8 0 nm) #*«iH$n&. £ 
©tl/>^^}:^1t§fii0^fliH 2 5^ 5 0 0mmMi&W:%%%tb 

HiSMIV-1 0 fiELJ^OM (IV- 3) 

^«Sffi^^«*^toJ*» : f*«'&# (IV-P-1) ©ftfr&fc&JRHBffi 
fc^4&&^tm$H t :»cS'&# (IV- P- 3) §^WJIV-8 
t^fcLT I TO/^'JT-MI/C a /A 1 i?^#SLfc„ t»EL 

«!Eth4 1 4 0BT»j£U h >tS S R - 3 Tl^ t it » IT 

o%mm> c a/A i &mm\zvTmj£&wz\}isfrtiz?>, isi4VTf« 

(A = 4 5 5nm) *t«W$nfc. E0#63S3fcfc33tt*6f!©&rt;fck 2 5 
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